Upper Bounds on the Dual Distances of EBCH Codes by Nedeloaia, Carmen-Simona
HAL Id: inria-00070530
https://hal.inria.fr/inria-00070530
Submitted on 19 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Upper Bounds on the Dual Distances of EBCH Codes
Carmen-Simona Nedeloaia
To cite this version:
Carmen-Simona Nedeloaia. Upper Bounds on the Dual Distances of EBCH Codes. [Research Report]









   



















ap por t  
de  r ech er ch e 
Thème SYM
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)





















?" ±  ?"?""L !"""  !
*"$&')(
   
	 ^evU*wH^{H{H^5{vU*wVJZU*\_^5gY{vJ1U*UYeHu1gYaJevgYJZU]{v^eH5J``bJZU-u_^5eHg `J1U*wVadUlWztk{vyJ1U*wVe_tk`J1U wVJZU*y^VwVJZU*¡"m!£WYJ1{V¬
wVe_U wVJ`^{H5eHJeHgHZH¥ p¯{ uvgYJ1IaJg*`aJe®§{H^5evU*tkuHuv`badcAeH^{vU-` tk`^giabWYFHI-J uHgi^\vt\Hab`adUlWiJ wHJ¢m!t{AWYJ1teVW JWmrF_tk\vtevw¥
o JeV VaGI-JI-J1{5WZ§V{H^e_UrI-JWXWY^5{vUyJZU!y^VwVJ1U!J{^gzwVgiJ UXWitk{_wHtkgzw wVJZUr\va©WzUrJW"{H^evUreVWiab`aUY^{_Ur`dtw1y^I-u_^AUXabWYa^{wVJ1Uy^TwHJ1U
tk«-{vJ1UX¬Ba{T¤tgYadtk{AWzU¥ 	 ^evUO^\HWYJ{v^{vUxtka{vUYa;wVJeV ªUX^5evUl¬³y^VwVJZU cAeHahy^{AWYaJ{v{HJ{AWwVJ1UOI-^kWzUwVJ]u/^adwHUxI-a{HabI]eHIQwHt{vUO`bJZU
wVe_tkeV -wVJ1Ury^VwVJ1U;¡[m!£ wHJ"`b^5{HeHJ1eHgha{VgiaJeHgiJ^eAtk`JVZH¥o J"uH`evU§TyJWXWiJ[w1y^I-u_^AUXabWYa^{-uHgi^VwVeHabW¯wVJ1U¯{H^evJ1teV 
y^TwHJ1U"wVJ`^{H5eHJevg"uH`be_Uu_JWYabWYJ§/wV^{AW"eH{HJu_tkgYWYaJxUY^{AW[wVJZU"y^VwVJ1U"wHJs"JJZwT¬»N¢eH`b`JgZ¥









3³{WYFHadU!uvtku/JgZ§5!J[WigYJZtW4"5678\Ha{vtkgiS-¡"m!£ y^VwVJZUrt{vw*^5eHgrI*tab{ a{AWYJ1gYJZUlW!aUr­^grWYFvJ I-a{HabI]eHIwVadUlWztk{vyJ1Ur^kWiFHJag
wVe_tk`_y^VwVJ1U1¥ 	 ^§^5{H`SUYa© I-ab{HaILevI wHaUXWit{vyJZU¯tkgiJ[UXWYa`b`_eH{:9T{H^"{-­^g¯uHgYaI-a©Wiab5Jq¡[m!£ y^VwVJZUh^D`J{vkWYF*evu*WY^<;:=?>H¥@3»W




`a©WYWY`JxaUK9T{H^"{ "FHJ1{WADCX;=>V§AJ HyJ1uVW!­^g¡"m!£ y^VwVJZU¯^UXI*t`b`DwVJ1UYa{HJZw wVadUlWztk{vyJ1U
Gb¤?JB¥rmr^5{vyJ1gY{vab{HWYFHJO{TeHI-Jgiay1tk`
giJ1UYeH`bWiU1§VrJO­^VyevU^5{WiFHadU`bJ1{HkWiF®¥hE±!^-I-JWYFv^TwvU"tkgiJ evUYJ1w®¥h¦agzUlWZ§VrJtkuvuH`bS WYFHJxI-ab{vabI]eHI¬B!JaFAW[tk`^5gYabWYFHIwHeHJOWY^
m!t{5WiJ1teVW!t{vwmrFvt\vtkevwDG J»¥hKTJ1y^{vwH`bS5§A!Jqe_UXJqWYFHJ<Y"#[Z\#]#<_^ a`b/c!#	 5d	[e	-ab{AWigY^VwVevyJ1w*\TS*¦H^5gY{vJSab{GYf?J»§H"FHadyzFy1tk{\_JtuHuH`abJZwWY^*tk{TStk«-{vJ¬»ab{Ttkgiat{AWy^TwHJ¥
EFHJxuvtu_J1gaU!^gi5t{HahgJ1wtUr­^``b^[U1¥;N¢tka{{v^kWitkWYa^{®§HwHJ v{HabWYa^{_U!t{vwuHgYJ1Tab^5evUX`SO9T{H^"{giJ1UYeH`bWiUtkgiJ uvgYJZUXJ1{5WiJ1wab{
KTJZy¼Wiab^5{¨V¥  JgiJ1yt`b`±FHJgiJxWYFHJ`a{HJ1tg"Wl"aUXWYJZw UYcAevtgYa{H*y^5{vUlWigYe_y¼WYa^{iN7jVE[KvmkP¼§/tU!J``±tUWiFHJI*tka{ gYJZUXev`©W[^kGÃ?J­^g
t{AS¢tk«*{HJ¬»ab{Ttkgiadtk{AWOy^TwHJ¥  J*tk`dUX^wVaUiye_UYU WYFvJ-y^{H{vJ1y¼Wiab^5{¨\/JWl!JJ1{¢WYFvJ-y^I-u/^{HJ1{5Wy^VwVJZUxtk{vwtk{¨evuHu_J1g\_^5eH{vw
^!WiFHJwHevtk`!wVaUXWit{vyJHN­a{ s"JI*tkgc9°P¼¥n eHgLI-tab{giJ1UYeH`bWiUtgYJab{°KTJZy¼Wiab^5{l0H¥E±!^¢UYeH\/y^VwVJ1U]tkgiaUYJ-­gY^5IQWiFHJWjVE[Kvm
wVJZy^5Iu/^5UYabWYa^{®¥  J\_J1a{\TS 5abTa{H]­^g"^{vJO^±WiFHJ1UYJUXeH\Dy^VwVJZU§_wVJ{H^WYJZw\TSWm§vtk{eHuHu/Jg"\/^eH{_w^5{abWiU"wHabI-J{_UXa^{NÇfhgY^5u_^AUXabWYa^{ªaP¥  J-`tkWYJgx`^T^9¢tWxWiFHJ-ab{T^5`b5JI-J{AWO^k!s[JJ1wV¬»Nev`b`Jgy^VwVJZUxab{WYFvJ-wHJ1y^5I-u_^AUXabWYa^{^k¯WiFHJ*wVevt`UO^k
¡[m!£&y^VwVJ1U1¥  JOUXFH^ WiFvtWZ§5­^5g!UYJ5Jgztk`vwHJ1UYab5{HJ1w wHaUXWit{vyJZU¯tk{_w-­^gr`bJ1{HkWiF `bJZUYU¯WYF_tk{ ^5g¯J1cAevt`vWi^<;=>V§nm|adU¯JZcAevtk`vWY^
UY^I-Js"J1J1wT¬³NeH``bJ1gqy^VwVJ5¥43³{¢KTJZy¼WYa^{ _§v!J ­^VyevU[^5{WiFHJI-ab{vabI]eHI wHaUXWit{vyJ^WiFHJwVevt`U[^kh¡[m!£ y^VwVJ1U1¥  JevUYJ1w






3³{WYFHadUxUXJZy¼Wiab^5{¨!JLuHgiJ1UYJ{AWOWYFHJuHgiJ1yadUYJL{H^WitWiab^5{®§®wVJ v{HabWYa^{vUxtk{_w¢\vt5UXadygiJ1UYeH`bWiUOevUYJ1w¨t`b^5{H WiFHadU u_tku/JgZ¥]n eHg I*tab{
giJ­J1gYJ1{vyJ ­^5gy^VwVa{H=WYFvJ^giS°adURGJ»¥  JWigYJZtW \Ha{vtgYS `a{HJ1tgy^VwVJZU tk{vw3WiFHJ¨wVadUlWztk{vyJ¢adU tk`!t¤SVU]WYFvJ¨£qtII-a{H
wVadUXWitk{_yJ¥¦v^gUYevyzF¨ty^VwVJut§a©WzU 5J{HJ1gitkWY^5gqI*tWigYab aUxwVJ1{H^kWiJ1w¢\TSDv$w tk{vw¨a©WzUOwHevtk`;y^VwVJadUOwHJ{H^WYJ1wot$x¥*3»KyadU
WiFHJI-ab{HaI*tk`±wHaUXWit{vyJx^k(t|WYFHJ1{Uy x aU!WiFHJI-ab{vabI*tk`wVaUXWit{vyJx^\t x §HWYFHJUY^k¬³yt`b`J1woz "!#^\t¥
¦v^gWl!^R _{[| } \Ha{vtkgiS y^VwVJZU~t)t{vwT	^`J{HWYFUA¨!JwVJ _{HJ
 EFHJWcc!_K#5 ^kttk{_wT¢§vtUrWYFvJy^VwVJ^k`bJ1{HkWiFD>A\
tCEn K K:LiDt t{vwiUU/
 EFHJO5^k\t)t{vwU§vt5U¯WiFHJy^VwVJ^`J{HWYFUA\
tlC?liLUt t{vwiUUa




 EFHJR \ W,4!#	7!_7e	 =^kkt tk{vwH§®tU WiFHJ*y^VwVJ^kr!^gzwHU6ek DVzO"FHJgiJ6 adUxab{ptt{vw adU a{p¥
EFHadU"y^VwVJadU^k?`bJ1{HkWiFU> A;¥
SOaJ1{t\Ha{vtkgiS `ab{vJ1tkg[y^VwVJ*t§VWYFHJWc/_"/#W!#	./¡ t)aU[^\VWztka{HJ1w\TStwHwHab{H*t{^5Jgztk``_u_tkgia©WlSyzFvJ1y#9 UYSAI]\_^5`7








 WYFHJ6|:	 _"#b!#	?!"abWYFgYJZUXu/J1yWWY^6°*±WiFHJx`ba{HJZtkg"y^VwVJO^k`bJ1{HkWiFWAWµV °<^\HWitka{HJZw*­gi^I WiFHJy^VwVJ!^gzwHU¯^kt
"FHadyzFtgYJgJ1gY^^{U°§T\TSwHJ`JWYa{HWYFvJy^T^gzwVa{vtWiJ1U!ab{U°¥
·¸· É ¹ ~H_
 )     <c/h	. e
µ
	
  Ç¹	¸t {#iV{_" } !#	?i	&%_a` > nnHi!c	?	c" p!# E{#oca# {_} :i_5u_7 ¨ "!#	?RT_e¨t«*{HJ¬»a{AtgYadtk{AWU %U*T8 e"/U :<_5<][e	 "!# $(§dZ¸c!K§%$i&¨'- "(!*)C,+ 
3³{xWiFHaUuvtu_J1g±!J¯wVJ{v^kWYJr\TSO¡[m!£[>  µ<=§'- DWYFHJr{vtkgigY^¬³UYJ{vUYJuvgYaI-a©Wiab5J¯¡[m!£°y^VwVJ¯^kV`bJ1{HkWiF<>  µ<=htk{vwLwVJ1UYab5{HJ1w
wVadUXWitk{_yJ(-T¥!KVabI-a`tgY`S WiFHJJ TWYJ1{vwVJZwy^VwVJ"a`b`®\/JLwVJ1{H^kWiJ1w\TSp¯¡[m!£<7>  §'- [tk{vwabWiU[wVe_tk`±y^TwHJ\ASp¯¡[m!£
x~7>  §'-  ¥
EFHJs[JJ1wV¬»Nev`b`Jg[y^TwHJO^`J{vkWYFR>  tk{vw^gzwVJg/.aU"wHJ{H^WYJ1wFHJ1gYJx\TSs[N0.§%1R¼¥




  Ç¹	,23¸\t-{#O!#	?O	 %*n`  bADC>54 5O_:e	768 9¸_Kn_"	 O{_};:#< :>=(#
4B:	7e	 :6 "{_};:\¦O :
4 	[e	<	 % }W!#	./Z4	 | @?##5u$ : zt !cRBA
C k"!_7ccW!c	?	D: < "	D: ¦ |6#^  	O_5u6!c	?FE(G
C $|	]c!#	./	D: < 	 H: ¦ c<#^_ ]	Wu 5O6!#	./~mD :6!#	./~t  eu]	u{#x`ab{vJ1tkgrWl"adUlWiJ1wUYcAevtgYa{HLy^{vUXWYgievy¼WiJ1wJI 	9  )Kb!#	./O*_"	]#b{_}$tCMLNE m&L ¨ 
	 ^kWYJ WYF_tWOE t{vwWm tkgiJ[Wl!^]y^TwHJ1U!^k®`J{HWYF&4¯UXe_yzF WYF_tW¡m)adUtLUYeH\/y^VwVJ ^#Etk{vw&6PWQ6SRC*6D§V"FvJgiJF6SPtk{vw6SR²wVJ{v^kWYJZUWYFvJwVabI-J1{vUXa^{_U^k
E t{vwUm ¥
	 ^&`JW[evUJ1IuvFvtUYag1JOWYFvtkW.
¥"EFHJJ1{HJgztWi^g!I*tWYgiab ^kOLNE m&L ¨ y1tk{\_J"giabWXWYJ1{
TU v P8VR Wv P8V'Rv R ++ v R
XY  NX?P
	 *B*5u[e!#dv P8VR  " Wv P8VR |6 Z~_|_\[B_8_ %*{#	 b`a_"_|]* :6!#	5~"_5uk!#	?FE m ¥
V¥  a©WiFWYFHJuHgiJTa^evU{v^kWitkWYa^{®§V!Jyt{"gia©WiJ
LNE m&L ¨ C]EmW§_^E m<@ em m6§
"FHJgiJD]EmW§ ^E m<wHJ{H^WYJ1UWYFHJy^VwVJ "abWYFJ1{HJgztWi^gxI*tWigYab V7v P8V'R § Wv P8VR ¼¥EFHJy^gigYJZUXu/^{vwHab{HgiJ`dtWYa^{
\_JWlrJ1J{WYFHJwHabI-J{_UXa^{vUadU




3»ogoC*g j ­^g[t`b`®y^VwVJ!^gzwHU1§A!Jx^\VWztka{WiFHJ7Iqp  _8 Ku_^_n`!#	7!_7e	 
 E m ¨ Cn0f(¦(igK§%f¨4igkrgisE mb§mf(¦§%f¨$Umu/§
"FHadyzFadU"adwVJ{AWYadyt`DWY^-WiFHJW k iBHy^5{vUXWYgievy¼Wiab^5{®§T\_JZytke_UXJ$mutJEN­FHJ1gYJ*isE*§iTm6P¼¥
v¥"EFHJwVevt`^k?tk{RjVE[Kvm²y^VwVJtCMLNEmDL ¨ aU"t`UY^*tk{UjVE[Kvm²y^VwVJ^kWYFHJx­^5gYI
t x CvLm x wE x L ¨ 
µ
	
  Ç¹	yxz? !#	./¡tCMLNEmDL ¨ <|#!#8@  )l %~\/  )
[!#	 5d	4!c	?{Em  |@  )
[ :6!#	5~:	 "_¡!c	?	 %@E *m  ||  )XO_	W	  
EFHJx­^5`b`^"a{H]giJ1UYeH`bW["ab``\/Jab{AWYJ1{vUYJ`SevUYJ1wFHJgiJ1tk WYJ1g1¥






mr^5gYgiJ1UYu_^5{vwVa{HWY^¨WYFHJ uvgYJ1Aa^e_ULwVJ v{HabWYa^{°t{vwªWY^WiFHJuvgY^T^k"^!WiFHJ WiFHJ^5gYJ1I a{XGÃ?J»§ht«*{HJ¬»a{AtgYadtk{AWy^VwVJZU^k
`J{HWYF >  tkgiJ^ wVJ5gYJ1J^ wVJ1y^I-u/^5UYa©Wiab^5{i1¥3n \TTa^evUY`bS5§hwVagYJZy¼WX¬³UYeHI UXeH\Dy^VwVJZUuH`t¤St`bJZtwVa{HgY^5`bJab{ v{vwVa{H
I-a{HabI]eHI¬B!JaFAW[y^VwVJ1r^5giwvU¥3³{*^5giwVJ1g;WY^L^\VWztka{-WYFHadU¯giJ1yeHgzUXaJ"UXWYgievy¼WieHgYJ5§WiFHJ tk«*{HJ¬»ab{Ttkgiadtk{AWhy^VwVJ1UrtkgiJ"uHeVW]c6{_4	c_¡G JB¥;s"JZytk``
WiFvtW
t)aUqty^VwVJx^k?`bJ1{HkWiFU>  §vUY^]WYFHJy^A^5giwHab{vtkWYJZU!y1tk{ \/J`t\_J1`bJZw\TS evUYa{H t vJ`dwJ`JI-J{AWO«H¨-¥(j®JW
\!</§n!\¦§ .__§%!   ¦. N70/P
\/J]t*\_tUYaU­^5g[WiFHJJZy¼Wi^gqUYuvtyJ :¨' ^5Jg/¨_¥[EFHJ{¢t{TSJ1`bJ1IJ1{AW9 I*t¤S\/JLgiJuHgiJ1UYJ{AWYJZw\ASWYFHJ1¬BWYevuH`bJ
² R´¸C <§.¦§ .__§   ¦BD ¨ §HUXe_yzFWiFvtW  C   ¦­ ®
¯ < 
® ! ® 
EFHJ UlWztk{vwHtgiw\HabWr^5giwHJghadU;^\HWitka{HJZw-\AS567n`O6!#	?	| " /{##u{_}9 ]	d:	7e	 
	Ko=bt¤!#u : 
² R´$ :| ³  >D|]"|_ 7e	 o	 %	_¥hEFTevU!JUlWztWiJ

² R´"C  < § ¦ § ._.§   ¨ §l+/Rab
 7: < < § ¦ § ._.§   ¨ §@=?Rab
 7: ¦  NÇaP
n {vyJ WYFHadU u/JgiILeHWitWiab^5{²wVJWiJgiIa{HJZw§rJuvt5UYU*WY^=WYFvJ¨wVJ1y^I-u/^5UYa©Wiab^5{ ^ WiFHJ¢u/JgiILeVWiJ1w²y^TwHJ§\TS3yt`yeH`dtWYa{H
WiFHJUYFH^5gXWiJ{HJZw y^VwVJTm NÇUY^¢WiFHJ wVabgiJ1yWUYeHI mLm<PLtk{vw WYFHJ1{Wit9Aa{H¨WYFHJ y^5Iuv`bJ1IJ1{AWy^VwVJ5¥ªEFvaUy^5{vUlWigYe_y¼WYa^{
adUuvtgXWiayeH`tgY`Sa{5WiJgiJ1UXWYa{H "FHJ{ª!J*r^5g|9"abWYF=p¯¡[m!£ y^VwVJZU§±\_JZytke_UXJ-^k!WYFvJ y^{_UlWigYevyWYa^{^k!WYFHJ1abguvtgYabWlSA¬»yzFvJ1y#9
I*tWigYadyJZU¥;EFHJy^{vUXWYgievyWYa^{^k±WiFHadU"I*tWYgiab ab{UXWit{vwHtkgzw \va©W[^5giwVJ1g"gYJZUXu/J1yWiU!WiFHJtk`^5gYabWYFHI 5ab5J{ab{oGÃV§QquHu_J1{vwVab nJB¥
µ °V ²EFHJ]y^TwHJLuHeVWxa{WYFHadUq­^giI \/J1y^I-J1U uvtgXWiayeH`tgY`Sa{AWYJ1gYJZUlWiab{H ­^g v{vwVa{H!^gzwHU"^¯UXI*t`b`rJ1ab5FAW1§DwVeHJ
Wi^-WYFHJ\H`^Vy#9VU^k¸g1Jgi^5U1¥;EFHJO­^``b^"a{H-\_^5eH{vw\_J1ab{v*^\TTab^5evUX`S
y,?yRd§y%` P8VRcb dP8VR#e a§ NBP
^5eHgxab{AWYJ1gYJZUlW5^AJZU[Wi^!tgiwvU[WiFHJ*UlWievwVS¢^¯WYFvJ-y^VwVJ1Umb§¸]E mb§ ^Em6Otk{vwQE¥-EFHadU a{vy`bevwHJ1UwVaI-J{vUYab^5{vU1§®I-ab{HaILevI
wVadUXWitk{_yJ1UWN­^gevuHu_J1g\/^eH{vwvUcPxt{vw§{H^kWtW`dtUXW1§y^5Iu_tkgiaUY^{vUO"abWYFi9T{H^"{=y^VwVJZU¥ EFHJ y^VwVJbm FvtU`bJ1{HkWiF=tFvt`©
WiFHJ-`bJ1{HkWiF¨^krWYFHJ-y^VwVJutt{vw¨tILe_yzFUYI-t`b`JgxwVaI-J{vUYab^5{®§±UY^a{ªtI*tjl^5gYabWlS^!y1tUYJ1U1§_­^5g|1H§abWiUOuvtgitIJWYJ1giU
y1tk{\_Jy^5I-uHeVWYJZw\TS*evUYa{H*N¢tk5I-tv¥zQ Uab{ UY^I-JOy1tUYJ1U!!J ^5\VWitab{ s"JJZwT¬³NeH``bJ1gy^VwVJ1U1§VrJxUYJ1tkgzyzF*­^5g[t]y^I-uvtkgiadUX^5{
WiFHgY^5eHF t]WYFHJ1^giJWiay1tk`u/^a{5W[^TaJ¤NÇUYJJKTJ1yWYa^{R0/P¥
mr^5{vyJ1gY{Ha{HLWYFHJxy^VwVJO]Emb§ ^E m<¼§V!J y1tk{^\VWztka{t5J{HJ1gitkWY^5g¯I*tWigYab UXe_yzF*WYFvtkW96 R y^5`beHI-{vUtgYJ {Aev`b`B§T\_^WYFab{v P8VR tk{_w¨a{ov dP8VR NÇI^5gYJuHgiJ1yaUYJ`S§WiFH^5UYJ-y^`eHI-{vUy^gigYJZUXu/^{vwHab{HWY^WYFvJa{V­^5gYI*tWiab^5{ªUYJW^Bm<P¥qadts[J`dtWYa^{NBP¼§Z¸U :$5u_:e		&%Km-{##!#	5uk³`? [\U :$5u_:e	 "6 :$\Z~#![8$n`  T	 %
$!#	./$]Emb§ ^E m<{##!#	5u#5u©¥¨EFHadULtk``^[UevUWi^¢giJ1wVevyJ*WYFvJJDJ1yWYaJ `J{vkWYF°^kWYFHadULy^VwVJa{=WYFHJy^5IuveVWitkWYa^{^k"abWiU]I-ab{HaILevI
wVadUXWitk{_yJ¥
	 ^kWYadyJWiFvtW;6 R adUxgiJ`dtWYJZwWi^76 P \TSWiFHJ-J1cAevtk`abWlS 6 P *6 R C 6D§±UY^tyzFvtgit5y¼WYJ1gYahg1tkWYa^{¢^hWYFvJ y^VwVJ1U|E adUtk`dUX^
aI-u_^5gXWztk{AW1¥"EFHJLy^VwVJ1U@E)ytk{\/JLy^I-uvtkgiJ1w"abWYFp¯¡[m!£x²y^VwVJZU_¶_^{HJJ VtI-uH`bJLaU"a{vwVadytkWYJZwtW[WiFHJJ{_w ^k¯KTJ1yWYa^{0v¥! 
mr^5{vyJ1gY{Ha{H]WYFHJy^{H{vJ1y¼Wiab^5{vU\/JWl!JJ{WYFvJp¯¡[m!£|y^VwVJZU"tk{vws"JJZwT¬³NeH``bJ1g[y^VwVJ1U1§V^{vJytk{evUYJOWYFHJwVJ v{HabWYa^{ ^k
WiFHJ]uveH{vy¼WieHgiJ1w¢s"J1J1wT¬³NeH``Jgxy^VwVJWG "V§Du®¥ 0#"/0Jt{vw¢tUXaI-uH`bJ]ab{_y`evUXa^{¨\_JWlrJ1J{WiFHJ]wVJ v{Ha{HUYJWzU§/­^5gq^\HWitka{Ha{H WiFHJ
Wl!^­^``b^"a{H-rJ1`b`b¬9A{v^"{giJ1UYeH`©WzU_
$  ¹%¯¹    Ç¹	 O"!_Yne	 m<t'&l[>  §'- ±)(
*¤0.§ 1R6<8_ =K#$%	u8-U`|#]6i :*`|#]#¡c| __][86	 %$Z4_³`n
1 µQ.
µV=bo!}!_	 	 5<e!u!#	__45u	. 	7>  µ=_ 
$  ¹%¯¹    Ç¹	y2 T{_" }u5<[8T|	 Z  _u*) +*7>  µ =/§'- !c	?R!#	 ]:b :$"![|#,+
#c .- !#	?'+ -0/ ].§%1R(%	6n-1 >  32 µV= 
¡!Su_tUiUXa{H]WY^*wVevt`±y^VwVJZU§V!Jytk{v{vwWiFHJgiJ1tkWYJ1UXW"ab{AWiJJ1g/. ¦ t{vw WiFHJUYI-t`b`J1UXW"ab{AWiJJ1gO. ¨ UYevyzFWYFvtkW.
('*¤]. ¦ § 1R>t *m6t'& x [>  §'- B±4(
*¤0. ¨ § 1R§ N7I/P
­^5g H VJ1w(1tk{_w -T¥ 	 ^§Zt5U±tk``kWiFHJ1UYJry^VwVJ1UtkgiJ;ab{LUXWit{vwHtgiwO\HabW^5giwVJ1g1§Z!JhevUYJ;WYFHJ1abgWl"adUlWiJ1wUic5e_tkgiab{H[wHJ1y^5I-u_^AUXabWYa^{vU1¥
¡!Sy^{vUYadwVJgiab{vLWiFHJag[UXFv^gYWYJ{vJ1wy^VwVJ1U^5{WiFHJ vgzUlW
>   ¦ y^T^gzwVa{vtWiJ1U1§TrJwVJZwVevyJ
(
*¤0. ¦ µ=/§a1 µV=?{t mW7>  §- >t5(
*¤]. ¨ µV=§a1µV=?§ Nf P
"FHJ1gYJ$m7>  §'- wHJ{H^WYJ1U!WiFHJy^VwVJ*m ^5\VWitab{vJ1wAadt]WYFHJwHJ1y^5I-u_^AUXabWYa^{^kp¯¡[m!£
xd[>  §'-  ¥
·¸· É ¹ ~H_
I )     <c/h	. e





3³{WYFHadUxUXJZy¼Wiab^5{¨!J]y^5{vUYawVJ1g uvgYaI-a©Wiab5JySTy`badyy^VwVJ1UOtU vJ1`wtk`J1\Hgity^VwVJ1UON­­^gxI-^giJ]wVJWitka`dUOUYJJG JP¥LEFHadUxtk``b^[U
evU"WY^*wV^ t]WYFHJ1^giJWiay1tk`®UXWYevwVS^kWYFHJy^TwHJm t{vwWY^-aJt{eHuvu_J1g[\_^5eH{vw^{abWiU[wVaI-J{vUYa^{®§H^5\VWitab{vJ1wWYFHgi^eH5FWiFHJjVE[Kvm&wVJZy^I-u/^5UYa©Wiab^5{^tk«-{vJ¬»ab{Ttkgiat{AWy^TwHJ1U$NÇUYJJEFvJ^giJIP¼¥
 J wVJ1{H^kWiJ[\TS3WiFHJ UYuH`a©WYWYa{H vJ1`w  ¨  ^k ¨    ¦ µ="^5Jg ¨ ¥j®JW!evU¯wHJ{H^WYJ[\TSWYFHJ tk`J\vgitx^/WiFHJ t5wHwVabWYaJ





    § 
  H¨
Q"wHwHa©Wiab^5{ t{vwUYy1tk`dtkg!ILeH`bWYauH`ay1tWYa^{ tkgiJxy^I-u/^{HJ1{AWX¬»"aUYJOt{vwILeH`bWYauH`ay1tWYa^{adUaJ{\TStwvwVa©Wiab^5{a{GÃV§Vu®¥nf¤ J»¥












 >  µV=tk{vws+ < CE=¥
µ
	
  Ç¹	 35[:8 ' /¸_¸ :5u{e_z[!#{c C,¨²³§_´q c@_!#"@w {#*#{_	 %
² +§>  µU=_´\[z!#	 ]n`+ "O8 e4"/56Y[ "Ye!#[e	p{}*>$&%L[>  µl=?  <c/_"/cW!}!_Ye!6!c	?~ t Z\D\=(n`O__'!#"¸w/]=4"#W\%	 	Z_A  tECE 
     
 4C*+:§ ¢ !#"@w¡/:W!c	? <t-*_ eT	T{#u J TWYJ1{vwVJZw¢ySVy`adyy^VwVJ]ab{(&  "b 	&%
 <t 6  _	Ri|/]#U!}!_Ye!b!#	?  *)7/]=4a`b_B$$__
! "¸w+ C	*o² +:§>  µV=´¸ >  µ=¡µ,-!#"¸wkCE² +:§">  µV=´/.aaµ0$1$!#"@wd/
EFHJ1gYJ­^giJ§AWYFvJxwHJ v{Ha{H*UYJW"^k t|\/Ja{HO9T{H^"{®§T!Jxy1tk{J1tUYa`bS y1tk`dyeH`dtWiJqWiFHJwVJ _{Hab{v-UYJW"^p!mkx¥h¦v^g"UYabI-uH`aya©WlS5§ :6\=(a`b_¡	 %~') xEZ\{#_"	 #O:_|6{}32"¥(Q"yWYevt`b`S§l+<2"¥3³{WYFvJx­^``b^"a{Hv§T!Jy^5{vUXadwVJ1gt{t«*{HJ¬»a{AtgYadtk{AW"y^VwVJ$ t)^k?`bJ1{HkWiFU>  tk{vw!J"ab``®aJxtk{ eHuvu_J1g"\_^5eH{vw^{
WiFHJwVaIJ1{vUYab^5{^m¥(QqU"wVadUYyevUiUXJZwa{¢KTJ1yWYa^{V§VWiFHJwVabI-J1{vUXa^{ ^zm uH`dt¤SVU!t695JS gi^`J a{ v{vwVa{H*I-a{HabI]eHI¬B!JaFAW
y^TwHJ!^gzwHU!ab{R t$x¥
 J-gYJZytk``WYFvtkWWYFHJ*y^TwHJ1Uxa{"FHadyzFªrJ*tkgiJab{AWYJ1gYJZUlWiJ1w¨ab{®§z t$x§tkgiJy^{vUYawHJgiJ1w¢a{#] |D{_	c_¼§UY^WiFHJ





    §!J]yzFH^T^AUXJ
WiFHJx­^``b^"a{H-{H^WitWiab^5{

  C 76  a©  s:<8  a©  s:¦ 
¦v^g t`b`   : ¦ WiFHJgiJJ VadUlW 
® 7 ¨ §%+ 9 ,1 µl>-UYevyzF WYFvtkW  C   ¨4® ¯ < 
® ! ® h!   ¦ j®JWqevU wVJ{H^WYJ  j C   ¨4® ¯ < 
® ! ® §










3³{ ^gzwVJ1grWi^v{vw^kWiFHJg"giJ`dtWiab^5{vU!"FHadyzFyzFvtgit5y¼WiJgiag1Jm m §H!Jyt`yeH`tkWYJ   
 !­^g02%t{vw 





:  6 :   ­  8 :  C ­:  6 :   ­   8  	
     jai!   ¦ 
C ­
:   6     ­     8  	
   ­ ®     9  j
®
]!   ¦    
®
C ­
:   6     ­     8  
   ­ ®   j
®
]!   ¦    
®
C ­
:   6     ­ ®  ]!   ¦    
®
­
   8  
   
®
C ­
:  6 :   ­  8  
      ­ ®  \!   ¦.   
®
­
  8  
   
®
C ­
:   6   8  
       ­ ®  \!   ¦.   
®
­
  8  
   
®

3³{WYFvJuHgYJ1Tab^5evU!J1cAevtWiab^5{vU1§ wVJ1{H^kWiJ1UWiFHJ: 7e ¸	c_a`wHJ v{HJZw\AS
/9<§9&¦§,._.§9   ¦  </§ ¦§_._§    ¦_¢ab;tk{vw^{v`bS ab 9' § ¢ 	Op² +§%1µV=´§
"FHJ1gYJ*/9 < §9 ¦ §,._.§9   ¦ ;t{vwU  < §  ¦ §__._§    ¦ ?tkgiJ!WYFHJ[\vab{vtgYS]wVJ1y^I-u_^AUXabWYa^{_U?^k9tk{_w5¥;¦Hgi^Ij®evy1tU WYFHJ1^giJI §!JFvt¤J  
9  C=/ $&%$>ab?t{vw^{H`S ab 9 /
¡!eVW 8 Um aIuv`baJ1U$\+:§ 8 BUmLlm§vUY^]WiFHJgiJxJ VadUlWzU 6 j Um UYevyzFWYFvtkW 6 j C 8  






   6   8  
       ­ ®  ]!   ¦.   
®
­
  6 j 
®
 N /P
$  ¹%¯¹    Ç¹	Jx! T U :"	][e	 " CE 	H2 ¢ 9# 	6ª 942k/§ NlZ/P
 :|#[e!_7e	 o	 %  6]	u :6!#	./~mlm  :%$?c	u5ucl["%	#!# *2"
   6 § 8 (C ­
    6   8  
      § Nl5?P






    6   8  
       ­®  b ® (' ]!   ¦.   
®
­
   6 j 
®

3»W[adU[tk`dUY^LWigYeHJxWiFvtW* 6 j §+/K=p!mkx§vUY^ 4:   6 j 
®
C,+:§ ¢ 9\2"§vt{vwHNXP!aUuHgi^JZw¥ )
$  ¹%¯¹    Ç¹	3v¸_emW§|m<H_"	 H!#	?Z\l`/_"_|]	R5u[³ev R
§|v RK   LR|7e!_7e	 	&%   ]	7mb§|m6*$ :%$?|	b5O#l[%	 #!# *2+* "  )(	:_#^_7Y} [( :65u_:e	i	 %dm[#6R@[(8_ =K
6 R C6 ` Rb R
e V>  µVc 2~L "  &Bc	.	&%N  Q UemW§|m6"adU[t UYeH\/y^VwVJ^k(mLm §/s"J`dtWiab^5{lNl5?P!adU"WYgieHJ5¥!¡!eVW 
 C  6 § 8 kl7mb§|m6"aI-uH`baJ1U 6  C 8  
  ­^5g"J1tyzF  s:<A¥ )
µ °V 2 KTab{_yJ"WiFHJ[giJ`dtWYa^{ 6 R-, [>  µ 2~ |>OaUh^\TTab^5evU§kWYFHJ[uvgYJ1Aa^e_U?\_^5eH{vw-adU;ab{AWiJgiJ1UXWYa{H^{H`SLab >  µD| 2~[ "   , [>  µ 2
 c >V§_UX^-ab¡ " /.7>  µ  2~ |>V¥! 
·¸· É ¹ ~H_
" )     <c/h	. e
  ¹  ¹  9V ¶?#5u :  %	O O " cu|/e<	 Y}U	 9I9¡ 2oKb!#9 #   7:_%[ %	O\ 6 § 8 d7mb§m6 [4Z4: 8 6 j C 6  +~_[e	 I NKW"   6 § 8 \C\!   ¦_    ® 4   6 :
®
  - 	 |d"|#!__Y} [
  6 § 8 \C\!   ¦   
®

®  6 §+/§ ¢  6 § 8 Kp7mb§m6
	 ^ rJtkgiJLa{5WiJgiJ1UXWYJZwab{¨WYFHJJ Ht5y¼WOy^I-uHeVWztWiab^5{¢^khWiFHJ-y^VwVJ1Um	^\VWztka{HJ1w\TSWYFvJ6jVE[Kvm^k¯p¯¡[m!£x¡7>  §n-  §
I-^giJxuHgiJ1yadUYJ`S ab{ v{_wVab{v-t`b`DWiFHJtk`eHJ1U[^k
-L­^g""FvayzF
m7>  §- (C (
*¤0.µV=§a1µV=? Nl¤P
3»
1aU H VJ1w®§V^{HJOI-JWYFv^Twy^5{vUYaUXWiUrab{ wVJZy^I-u/^5UYab{vt`b`/WYFvJOpr¡"m!£x¡7>  §- !tk{vwab{ y^5IuveVWYa{H]WYFHJwVaI-J{vUYab^5{HN9tk{vw
WiFHJqI-a{HabI]eHI wVadUlWztk{vyJ?P?^,m¥3»D!J[^5\VWitab{-WiFHJ[uvtgitIJWYJ1giU;^®ts"JJZwT¬»N¢eH`b`Jg!y^VwVJ5§5!J[wVagYJZy¼WY`S-yzFHJ1y#9LWYFHJ J1cAevtk`abWlS§
t5U\_^WYFy^VwVJZUtkgiJ-ab{UXWit{vwHtkgzw\Ha©W]^gzwVJgZ¥ EFHJ-­^``^"ab{HWztk\H`J*uHgiJ1UYJ{AWiUOWiFHJ*uvtkgztkI-JWYJgzU ­^g"FvayzFim adUtk{s[N
y^TwHJbNÇtk`dUY^]eHuWi^*^{HJxgi^ ab{WiFHJJ1{HJgztWi^g!I-tkWYgia© P§V­^gO1-H;:§|M§n§cF:§ /
¡ >  §n- ¡ >  §%-
s[Nl\+:§a />:§§c;n s[Nl:§|Ma X² M§_=/§_=?>´ => F§	

s[Nl&=§a a>§ s[Nl§|Ma => F§:M
s[Nl[>§a />:§,=?; s[Nl]+§ >;M:§"§c;§n§ 
s[Nl\+:§#; M§§c;n s[Nl =/§ >/; M:§"a= :§#>=
s[Nl&=§#; M§,== s[Nl7>:§ >/; M§#
s[N7>§#;  ² a>§.=§|F ´ M§> s[Nl§ X²=?>F:§_=/§_=?M´ >;M:§ a;
s[Nl:§#; M§:= s[Nl7;:§ >/; M§"=>
s[Nl\+:§cM/ => F:§":§c;:§§  s[Nl]+§|Fa ;=?>:§1J-1 =
s[Nl&=§cM/ =?> F§"/==/§_= s[Nl =/§|Fa ;=>§a= :§:>:=§>§:>;n
s[N =§cM/  ² M§.=§c>F´ =?> F§"/=?;:§_=  sqNl =/§|F/  ² >; M§_=/§_=?>F´ ;=>§>n§:>#:§:=/§	/;n
s[Nl[>§cM/ =?> F§">§c>a s[NleM§|Fa ;:=?>:§>/;;
µ °V x ¦H^g H VJ1wJ.ªt{vw 1§^{vJ y1tk{%J1t5UXa`S gYJ1I*tkgc9WYFvtkW*WYFHJ¢UYI*tk``bJZUlWH-a{3WiFHJ Wit\H`JlN­abxabW J VadUlWzUcP§aU-WiFHJ
I-a{HabI]eHI^#-Z¬»UrgiJ1tkWYJ1g¯WiFvtk{WYFHJOgiJ1tkWYJ1UXWrgiJuvgYJZUXJ1{5WztWiab5J[^k®!JaFAW/.ab{tLySTy`b^WY^5Iadyqy^5UYJWI-^TwHeH`b^U7>  µi=dNÇAadt
fhgi^u/^5UYabWYa^{ª?P¼¥! 
	 eHI-Jgiay1tk`gYJZUXev`©WzULa{vwVadytkWYJ1ULWYF_tW-ab{ s"J`dtWiab^5{LN[fP¼§;WiFHJ^gzwVJg. ¦ µ=aU]gYJZUXu/J1yWYJZw§h\HeVWWYFvJ^5giwHJg;. ¨ µ=y1tk{°\/J
t5y¼WYe_tk``bS giJ1wHevyJZwa{ I-t{TSyt5UXJZU¥;EFHadU"UXevJZUlWzU!WYFvtkWdm aU[t{sqN "FvJ{tk{ab{_y`evUXa^{
('*¤]. ¦ µV=§a1 µ={tVm7>  §'- >t4(
*¤0. ¦ §%1µV=? Nl?0/P
adU!JgiavJ1w¥ 	 ^§T^5{vyJOt;-5Jgia v{vWNl¤P;adUr­^eH{_w§TrJ Fvt¤JqWY^]yzFvJ1y#9WYFHJxwVJZUXa{HJZw wVadUlWztk{vyJ1UrgiJ1tkWYJg¯WYFvt{*WYFvaU!tk`eHJ
t5UrJ1`b`B§?\_JZytevUXJ*a{I*tk{TSy1tUYJ1UxWiFHJy^TwHJbmyt{\_J*WiFHJUitkI-J-­^g]wVa DJgiJ{AW< m<t'&x~7>  §'- uN9UXJ1J ^evg{TeHI-Jgiay1tk`
giJ1UYeH`bWiUa{KVJ1y¼Wiab^5{ aP¼¥
µ °V QqUiUXeHI-JxWiFvtW[!JUXevy1yJ1J1wab{ uHgi^Tab{H-tgYJ1`tkWYa^{ tU
emb§cm<k±4(
*¤0.§'1U§
­^5g[t*yJgYWitab{&.T¥rKT^WYFHJgi^ UYuvt5yJO^kWYFHJI*tWigYab H7v R~§cv RK!adU"y^{AWztka{HJ1wab{WiFHJgY^ UXuvt5yJx^kWYFvJI-tkWYgia©  vo].§ 1 µV=? vo0.§'1 µV=?+ vo].µV=§'1µ =? 




¥!­^g@-<:§>   ¦ ^\TTa^evUY`bS5§
m7>  §a(C (







V¥!­^g(-C¤;H§®WiFHJ*wVJ v{vab{H¢UYJW^rp¯¡[m!£ x 7>§#; aUu² +:§#>5µX=_´ .na µ$=* µ //®¡!eVWuµ$=OC ]+:=/==(._=§,µ RC]+S+:==4__=¼§DUX^ " C¤ µ a¼¥ 	 ^¤7mb§cm<qaU t UXev\/y^TwHJL^k?WiFHJ]y^TwHJ"a©WiF¨wVJ v{Ha{HUYJW<² +:§#>  µV=_´ .¡ µ$=?!"FvayzF
aULuHgiJ1yadUYJ`S¨­^5gYI-J1w=\TS=tk``¯a{AWYJ5JgzU^k[!JaFAW , 1-µ=§;UY^¢s[Nl =/§ 1R¼¥¨EFvaULabI-uH`abJZU<m t('*¤&=§'1 µ =? ¥
mr^I-uHeVWztWiab^5{5ab5J1UkmC (
*¤\+:§ 1 µ=h­^5gO1  ;V¥
0H¥!­^go-C T§¤WiFHJrwVJ v{Ha{H UYJW^kvpr¡"m!£ x 7>§ ®aUB² +§c>uµO=´/.aa&µ$=?*&µ /* µ~;/#az¡!eVWBµ$=~C\+:==/=(_.=?§,µ C]+S+:==4__=§,µ~;DC ]+= +=(_.=?¼§?UY^ " C &µ /*V µ~;/xtk{vwªWiFHJgiJ­^5gYJD7mb§|m6adULt¢UYeH\Dy^VwVJ ^WYFHJy^VwVJ "abWYF
wVJ _{Hab{vLUXJW;­^giI-J1w\TSt`b`Ha{AWYJ1JgzU;^/!JaFAW , 1µ=§kUY^s[Nl =/§ 1R¼¥¯mr^I-uHeHWitWiab^5{-aJ1U4mC (
*¤ =/§ 1µD=
­^gO1 CL;tk{vwTmC ('*¤\+:§'1µ=r­^gO1  T¥
n {HJ]ytUYJx"FHJ{!J v{vwtUXJW
"




*H7M:=*H7Ma*/;*&===*o == / *o => 
¡!a{vtkgiS wVJ1y^I-u/^5UYa©Wiab^5{&aJZUo=?;C  =/=== ++S++/§= C  ==/==/= ++S+/§
C &==/== += +S+/§aM:=XC  = +:=/=== ++a§nMEC&===/==/= ++a§ /; C  ==/==/= +:= +/§==/=VC &===/= +== +a§== C  ==/= +=== +/§=>XC &===/==/== +a¼§[UY^ =; # :=/§,=?; #
	n§,=?; # M§,=?; #a;§,=?; #==/=§=?; #=?>Ltk{_w v{_tk``bS" CE&=?;*7M:=?*o&== a






 %¯µ 	%  ¹   µ ² ¦ab{vwWiFH^5UYJxp¯¡[m!£
x y^VwVJZU!­^g""FHadyzFWYFHJy^I-u_^5{HJ{AW[y^VwVJ$m adU[t-s[Ny^VwVJ5¥
µ °V ~&p; Hty¼Wi`bStUOWYFvJ-y^VwVJ1U$m§WYFHJ*y^TwHJ1U E tkgiJ]giJ1yeHgzUXaJOjVE[Kvm y^VwVJ1U1¥]EFHJ1{ªWYFHJ1S¢I*t¤S\_J y^I-uvtkgiJ1wWY^
WiFHJp¯¡[m!£
x°^k?`bJ1{HkWiFJZcAevtk`/WY^WiFHJ`bJ1{HkWiF^
EL¥(QqU"tk{J HtIuv`bJ5§Va©oE7>  §- wVJ{v^kWYJZUrWYFHJy^TwHJ|Ey^{vUXWYgievy¼WiJ1wTat
WiFHJ*wVJ1y^I-u_^AUXabWYa^{^k!p¯¡[m!£
x¡[>  §'- ¼§±rJ^\VWztka{HJ1w¢WYFvtkW(E => F§ / tk{vwo *m<t'&Hx¡eM§,==NÇ\_^WYFªab{=UXWitk{_wHtkgzw¢\HabW
^5giwVJ1g#P!tgYJ Wlr^R² M§c> F§_=  ´( Z~_|_±y^TwHJ1UgiJ`dtWYJZw\TS
E => F§ /T *m<t'& x eM§,==(C,E< =?>F:§   
  _s L !" "®_s x








 wVJ1{H^kWiJ1UrWYFHJxeHuvu_J1g"\_^5eH{vw^{ WiFHJwVevt`DwHaUXWit{vyJON­a{abWit`bady.Pr^5g¯WiFHJty¼Wievtk`wVe_tk`wVadUlWztk{vyJ6NÇ^\VWztka{HJ1wab{tk``yt5UXJZUr\TSevUXa{H*N¢tI*tWG J P¶
v¥OE|tk{_wRm tkgiJxWYFvJLy^VwVJZU[^\HWitka{HJZw \ASWYFHJ6jVE[Kvm wVJ1y^I-u/^5UYa©Wiab^5{^?WYFHJy^gigiJ1UYu_^5{vwVa{H*y^VwVJp¯¡[m!£x¡ A\§- $ " |W{_¡	|/¶




x~ A\§n-  ¥
 J tkgiJ-{H^)5^a{HWi^¢tk{vt`bSng1JLWiFHJ*{TeHI-Jgiay1tk`;giJ1UYeH`©WzU§"FHadyzF!J*^\VWztka{\TS¨tuHuH`STab{H WiFHJm!tk{AWiJ1tkeHWX¬XmrFvtk\vtevw 
uHgi^\_tk\Ha`badUXWYadyOt`b5^gia©WiFHItk{_wWiFHJ`ab{HJZtkg!Wl"adUlWiJ1w UYcAevtgYa{H-wVJ1y^I-u/^5UYa©Wiab^5{^WiFHJwVevtk`dU"^¡[m!£ y^VwVJZU¥
EFHJ uHgi^\vt\Hab`adUlWiay tk`^giabWYFHIWit9J1U!tUra{HuHeVWzU¯WiFHJO`bJ1{HkWiF®§AWYFHJOwVabI-J1{vUXa^{tk{vwtJ1{HJgztWi^ghI*tkWYgia© *^k±WYFHJxy^VwVJ/¶AabW
UYJ1tgiyzFHJZU;­^5grtLy^VwVJ!^gzw-^k±UYI*tk``_!JaFAW1§Ty`^5UYJ"Wi^WYFvJ y^5{jlJ1yWYeHgiJ1w Ia{HaILeHIwHaUXWit{vyJ5§At{vw*giJWYevgY{vU¯WYFvJ UYeHuHu/^gYWr^k
UYevyzFt-y^VwVJ!^gzw¥?¦H^5g¡A ;=>V§AWYFHJu_tkgztkI-JWiJgzUr^±WiFHJtk`^5gYabWYFHI G v§vu®¥ 0/I JtgYJWC=xt{vwUC $" A@c $[>A¥
·¸· É ¹ ~H_
Z )     <c/h	. e
¡!S*tkuHuv`bSTa{HWiFHaU!tk`^5gYabWYFvI)Wi^LWiFHJqp¯¡[m!£ x y^VwVJZU§T!Jq^5\VWitab{HJZw-­^gBADCX>;MxWYFvJOUitkI-JqevuHu_J1gr\/^ev{vwHUtU¯ab{HGb?0JN9UXJ1JO^5eHg"{TeHI-Jgiay1tk`DgiJ1UYeH`©WzUtWWYFHJJ1{vw^k±WiFHadU[UXJZy¼Wiab^5{P¼¥3³{WYFHJy1tUYJ
ADC ;:=?>H§A!Jx^\VWztka{{HJ1&eHuvu_J1g[\_^5eH{vwHU^5{WiFHJ
wVe_tk`¯wVadUXWitk{_yJ1U1¥ KT^I-J-uHgi^\H`JI*Uxtkuvu_JZtkgx­^g$A  ;=>V§®UYab{vyJ­^gtaJ1{`J{HWYFWYFHJ y^I-uH`J VabWlS¢^k!WYFHJ*t`b5^gia©WiFHI
adU[I*t VaI*tk`±"FvJ{ 6adUqy`^5UYJWi^bA¸ >H¥Bj±JW e_Uqy^5{vUYawVJ1g"WYFvJLwVevt`wVadUlWztk{vyJLtU t­eH{vyWYa^{¢^WiFHJ]wHJ1UYab5{HJ1w wVadUlWztk{vyJ^k
WiFHJy^5gYgiJ1UYu_^5{vwVa{H]¡[m!£ y^TwHJ¥¯n {HJyt{JZtUYab`S*uHgi^J WYFvtkW!WiFHadU"aU"tR/c!_|#n`~%#![e	_¥(QqU"UY^A^5{t5U§T­^5gab{vUXWit{vyJ5§
!J­^5eH{vw¨tWIkk¬»!JaFAWqy^VwVJ1r^5giw a{¨p¯¡[m!£x¡7;:=?>§ ¼§v!JLF_t¤JuHgi^JZwWYFvtkW WiFHJgiJLJ TadUXWOy^VwVJ1r^5giwvU"^kh!JaFAW `J1UiU
WiFvtk{ª^gxJ1cAevt`?WY^UM ab{=tk``;p¯¡[m!£
x~7;:=?>§- ["abWYF -  V¥]£q^rJ1JgZ§DrJ-yt{H{H^Wx^5\VWitab{ªUXe_yzFªty^VwVJ1r^5giw¢wHabgiJ1yWY`S
a{°tk``¯y1tUYJ1U.¶?­^gJ VtI-uH`bJ5§!J ^5{H`bS¨­^eH{_w t "5¬B!JaFAWy^VwVJ1r^5giwªab9-UC ;^5gLtDM/M¬»rJ1ab5F5Wy^TwHJ!^gzw¨ab9-DC H¥






 aUdMv§T\/J1ytevUYJ^k±WiFHJI-^{H^WY^5{Haya©WlS-¦ , -.¨~ª« *m<t'& x  A\§n-¦B±  *m<t'& x  A\§n-.¨. Nl1aP
¡!S WiFHJUitkI-JtkgieHI-J{AWZ§5WiFHJJ Vu/J1yWYJ1wtk`eHJx^k\ynx	 
 "FvJ{RFy-L= +LadU />H¥	 ^	y^5{vUYawVJ1g-WYFHJDjVE[K_mwVJZy^5Iu/^5UYabWYa^{ ^kOWYFHJ¢y^TwHJ1U-a{A5^`JZw a{NXnP¼¥ EFHJZUXJ¢y^TwHJ1U*tkgiJWYFHJ1gYJ­^giJ uHeVWD]"/|H{	|/ \TSWYFHJ*UitkI-J-u_J1gYI]eVWitkWYa^{®§tk{vw¢WYFHJ*a{vy`evUYab^5{¨adUUlWiab``?WYgieHJ5¥*n {HJ*y1tk{¨JZtUYab`S¨wVJZwVevyJ-t{vtk`^5^evU
a{vy`evUYab^5{vU­^5gWYFvJ¯y^5gYgiJ1UYu_^5{vwVa{H"y^VwVJZU8E tk{_w$m §¤\TS evUYa{HWYFHJ1abgwVJ _{Ha©Wiab^5{vU1¥qUYa{HWYFHadU®I-^5{H^kWi^{HadyabWlS§ZrJ¯JI-uHFvt5UXahgJ
WiFvtWtk``WYFHJ-y^VwVJZU|E NÇgYJZUXu±¥*m<P "a©WiF¨adwVJ{AWiay1tk`?uvtkgztkI-JWYJgzUOtkgiJT#^ Í¥  FHJ1{¨WiFHJ1UYJ-y^VwVJ1UxtgYJs"JJZwT¬»N¢eH`b`Jgy^TwHJ1UNÇ^g"eHuWY^*^5{HJxgY^&^kWYFHJ5J{HJ1gitkWY^g!I*tWigYab P¼§TWYFvJStgYJxI*tkgc9JZw ^5eVW[ab{^evgWitk\v`bJZU\ASpO]¼¥
µ °V EFHJ"uvtkgztkI-JWYJgzU^k/WYFHJ[y^I-u/^{HJ1{5Why^TwHJ1U;tkgiJ^\VWztka{HJ1w]\TSevUYab{vN¢tk5I-tv¥?n {H`SWiFHJ"tk`eHJ1U?a{U Ye!htgYJ
eHuvu_J1gr\/^eH{_wHUrt{vw-{H^WrJ Ht5y¼W¯I-a{HabI]eHI wVadUlWztk{vyJ1U1¥?EaFAWiJgh\/^eH{_wHU§Ta{UYJ1y^5{vw-u/^5UYa©Wiab^5{*ab{*WiFHJ[Wztk\H`J1U1§TtkgiJ[^\VWztka{HJ1w
\TS¨tuHuH`SAa{HWYFHJ*uvgY^5\vtk\Ha`aUXWYady]t`b5^gia©WiFHI WY^WiFHJ*y^gigiJ1UYu_^5{vwVa{Hy^I-u_^5{HJ{AWy^VwVJZUON­J1{HJgztk``SDm	^5gu]E mb§ ^Em6&P¥
mr^5{vyJ1gY{Ha{HWiFHJ y^VwVJ1U
]E mb§ ^Em6¼§T{H^a{vy`bevUYa^{UYabI-a`tghWi^WNl1aP;adUhJ Vu_JZy¼WYJZw§VUX^LeHuHu/Jg!\_^5eH{vwHU¯­^g¯WYFHJ1abg!I-ab{HaILevI
wVadUXWitk{_yJ1UF_t¤JOWY^-\/JUXJZtkgzyzFHJ1w ­^g"J1t5yzF^±WiFHJI ¥  
µ °V  ¦H^gxtk``y^VwVJ1U ^kh`J{HWYFH>/; M­^5g "FHadyzF¢^5{H`bS tk{¨eHuHu/JgO\_^5eH{vwadUq5ab5J{a{G.0J»§DrJ v{vw¨t r^5giw ^;WYFHadU
!JaFAWab{WYFvJ-y^VwVJR]E mb§ ^Em6¼¥uQ[`dUY^v§®a{ªt`b`hy1tUYJ1U ­^gAVC => Ftk{vwªtk`I-^5UXWt`b`;y1tUYJ1U ­^g$AC¤;:=?>V§®t y^TwHJ!^gzw
^hrJ1ab5F5W~ynx	
 adU"­^5eH{vwa{¢^5{HJ^k?WiFHJ]y^TwHJ1U~mm N­^5g UYabI-uH`SUm<P[t{vwi]EmW§ ^E m< ¥qEFHJgiJ­^5gYJ5§@ :_u!c	?6 |	]7e @56565  Z4_³`nK#{#!#	?z¥
	 JJ1gXWiFHJ`J1UiU1§vUX^5I-JJ HyJ1uVWYa^{_U"Fvt¤J\/JJ1{ ­^eH{_w¥[¦H^5g[p¯¡[m!£
x~7;=>§.= ;/rrJy1tk{H{H^Wv{vwt{TSH= k¬»rJ1ab5F5W[y^TwHJ¬
!^gzw*a{m §VUY^L!J y^{vy`bevwHJ[WYF_tWa©WaUrWi^L\/Jq­^5eH{vw a{t]y^AUXJWr^k@m Hm)"abWYFgYJZUXu/J1yW¯WY^]WYFvJOy^I-uH`JI-J{AW!y^VwVJ¥;Er^
^WYFHJ1gqJ HtIuv`bJZU[tkgiJ(-C==tk{vw7-C=>H¥[n {WYFHJy^5{5WigitgYS5§T­^g9-6C /;V§vrJ­^5eH{vwtR= +Mk¬B!JaFAW"y^VwVJ!^gzwab{ WiFHJ
y^I-uH`JI-J{AWqy^VwVJ5§VabI-uHgi^Tab{vLWiFHJtk`eHJ^\VWztka{HJ1w\TS evUYab{v]WiFHJI-ab{vabI]eHI¬B!JaFAW[tk`^5gYabWYFHI ¥  
EFHJ]^gzwVJg ^khWiFHJ-s[N y^VwVJa{WYFHJ`dtUXWOy^5`bevI{_UqadUO^\VWztka{HJ1wTadt fhgi^u/^5UYabWYa^{ ]\AS uvt5UYUYa{H*WY^WYFHJ-wVevt`;y^VwVJ1U1¥









 E m ]EmW§ ^E m< {H^v¥ {TeH`b`®y^`B¥ s[N0  ¤ " Gb¤ "H§ "H§ IkJ  Gb¤ "v§b5§b¤ "J  GÃ Iv§ fV§b¤ " J  
 f 5Z Gb¤ "H§.Iv§  "J Gb¤ "v§b5§b¤ "J  G 5 Iv§b¤V§ZJ  f  /I Gb¤ "H§Ã_§ 0AJ Gb¤ "v§b5§b¤ "J  GÃ Iv§ 0H§ I J  
 00 /I Gb¤ "H§ 05H§ 0AJ Gb¤ "v§b5§b¤ "J  GÃ Iv§ 0v§ I J  
5 v I GZ#"H§ 0afV§J GZ "v§ _§ I J GÃ Iv§ 0/0H§ IkJ " 
?0   I GZ#"H§ AH§  J GZ "v§ _§ I J GÃ Iv§ _§ IkJ " 
¤ /f I GZ#"H§Ã 0v§  J GZ "v§ _§ I J GÃ Iv§  H§ IkJ " 
f I5  Gb¤ "H§ IH5§b "J GZ "v§ _§ I J G 5 Iv§ afT§#J " 
 I  Gb¤ "H§ IH5§b "J GZ "v§ "v§ I J  G 5 Iv§ 0H§#J ?I 
H ff 	 GZ#"H§ Iv§ p	cJ GZ "v§ "v§ I J  G 5 Iv§ Iv§ 
cJ ?I 
0 "5  GZ#"H§YfkH§ p	cJ GZ "v§b?0H§  " J G 5 Iv§ H§ J I 
5 0  GZ#"H§ "v§ p5J GZ "v§b?0H§  " J G 5 Iv§ InfT§ J I 
af 1v  GZ#"H§ "v§ p5J GZ "v§ H§  " J G 5 Iv§ H§ J T 
 1   Gb¤ "v§ " "H§ "J GZ "v§ H§  " J G 5 Iv§ InfT§ #J T 0v f  Gb¤ "v§ /IH§ "J GZ "v§ H§  " J G 5 Iv§ fV§	cJ T 0nf Z5  Gb¤ "H§1v§ IJ GZ "v§ H§  " J G 5 Iv§ "/0H§	cJ T 0  .0/0  Gb¤ "H§1v§ IJ Gb¤ "v§ H§ 05J  G 5 Iv§ fV§5J #" 0
a0 _ 	 Gb¤ "H§1v§ IJ GZ "v§ 0nfT§ 05J G 5 Iv§ InfT§ 
J f 0
T    Gb¤ "H§1nfT§ IJ GZ "v§ TV§Ã " J G 5 Iv§ IAV§ cJ " 0
f Zaf ?I Gb¤ "H§1nfT§ IJ GZ "v§ H§.I J GÃ Iv§ afT§ÃJ 15 0
H .IA ?I Gb¤ "H§¤V§  J GZ "v§ H§.I J GÃ Iv§ IAV§Ãk J 15 0
0 .I  ?I Gb¤ "H§¤V§  J GZ "v§ kv§.I J GÃ Iv§ Iv§.I J 1 " 0
5 f/f ?I Gb¤ "H§¤V§  J GZ "v§ IAV§.I J GÃ Iv§ 0H§.I J Zk 0
  "A ?I Gb¤ "H§ZH§  J  GZ "v§ IAV§.I J GÃ Iv§ 5V§.I J .05 0Iv :/0 ?I Gb¤ "H§ZH§  J  GZ "v§ f 0H§.I J GÃ Iv§ fT§.I J aI 0I/0 kv ¤ Gb¤ "H§ZH§  J  GZ "v§ "v§ZJ GÃ Iv§ 0 H§ZJ .IA 0"A k  ¤ Gb¤ "H§ZafT§ÃJ  GZ "v§ "AV§ZJ GÃ Iv§ TV§ZJ .I 0"nf V5 ¤ Gb¤ "H§ZafT§ÃJ  GZ "v§ "v§ZJ GÃ Iv§ a0H§ZJ .I " 
v V Z Gb¤ "H§ZafT§ÃJ  GZ "v§ AV§1 J GÃ Iv§ 0AV§1 J  " 
A af " Gb¤ "H§ZafT§ÃJ  GZ#"H§ 	]5§ " J  GÃIH§Ã/fT§ "J k5 
5  0A I Gb¤ "H§ZafT§ÃJ  GZ "v§bZ#"v§ I J GÃIH§:H§ IJ V?I 
 a0  Gb¤ "H§ZafT§ÃJ  GZ "v§b5.Iv§ J GÃIH§§  J  0A 
Zaf f  Gb¤ "H§ZafT§ÃJ  Gb¤ "v§b¤kH§  J  GÃIH§YfT§  J A I
f?tgitI-JWYJ1giUr^kWYFvJ*jVE[Kvm²y^{vUXWYgievy¼Wiab^5{­^5g[y^VwVJZU^k?`bJ1{HkWiFU;:=?>
- 6 yax	
 E m \E mb§ ^Em6 {H^_¥ {TeH``®y^5`9¥ s[N0 Z 5 I G 5 IH§ J  G 5 Iv§b5§ 5 IJ  GÃV¤V§ "J  
  k5 G 5 IH§ " J G 5 Iv§b5§ 5 IJ  GÃV¤V§f?J  f #" 5 G 5 IH§Ã/fJ G 5 Iv§b5§ 5 IJ  GÃV¤V§Ã IJ  
 0nf I G 5 IH§ 0I J G 5 Iv§b5§ 5 IJ  GÃV¤V§ 05J  
 aI 5 G 5 IH§ AJ G 5 Iv§b5§ 5 IJ  GÃV¤V§ v§p1J  
.0 5 p  G 5 IH§ÃJ G 5 Iv§b5§ 5 IJ  GÃV¤V§Ã 0H§p J  
Z I p
 G 5 IH§ I0 J G 5 Iv§b5§ 5 IJ  GÃV¤V§ I5V§p
J  
f f 0 p
N G 5 IH§YfkJ G 5 Iv§b5§ 5 IJ  G HZV§YfT5§ p	nIBp	w5KcJ  
·¸· É ¹ ~H_
¤ )     <c/h	. e
- 6 ynx	
 E m ]EmW§ ^E m< {H^_¥ {TeH``±y^5`9¥ s[N
: "A p 
 G 5 Iv§ f 0J GÃ Iv§ v§b¤ " J  G HZV§ Ik_§ p5
J  " 
V v p 
 G 5 Iv§ "AJ GÃ Iv§ v§b¤ " J  G HZV§Yf0 J  " 
 0 Z p 
 G 5 Iv§ vJ GÃ Iv§ v§b¤ " J  G HZV§ "5J  " 
 Z p 
 G 5 IH§15J GÃ Iv§ v§b¤ " J  G HZV§ H5§ p5
J  " 
/f 5 " pp  G 5 IH§1 "J GÃIH§ 	]5§b5ZJ  G HZV§ #"v§ pSp _J k 
1 ¤/f pp  G 5 IH§f?J GÃIH§ 	]5§b5ZJ  GÃV¤V§1nfT§pp _J k 0H ?0I p G 5 IH§ZIJ GÃIH§ 	]5§b5ZJ  GÃV¤V§?IH§pJ k 05 1A p

 Iqp
wK G 5 IH§.0AJ GÃIH§ 	]5§b5ZJ  GÃV¤V§Z5V§p
#J k 0af ¤ w G 5 IH§.0AJ GÃIH§:H§ IkJ G HZV§?IH§w J 0#" 0 ?I0 w G 5 IH§.0 "J GÃIH§ÃV§ IkJ GÃV¤V§?0J k 
v fk w G 5 IH§f?J GÃIH§ÃV§ IkJ GÃV¤V§Z5J k 
/0  "H w G 5 IH§f?J GÃIH§ 0kv§ IkJ GÃV¤V§?0J I#" 
A  w G 5 IH§ZIJ GÃIH§ 0kv§ IkJ GÃV¤V§Z5J I#" 
nf  w G 5 IH§.IAJ GÃIH§ 0kv§ IkJ GÃV¤V§.0vJ I#" 
V #" w G 5 IH§f J GÃIH§ 0kv§ IkJ GÃV¤V§AJ I#" 
 0 Hf w G 5 IH§ "vJ GÃIH§ 0IH§ IkJ GÃV¤V§TJ fk 
 5 I w G 5 IH§ "vJ GÃIH§ AV§ IkJ G HZV§.0/IH§w J  
/f 05 w8I NK G 5 IH§:5J GÃIH§ AV§ IkJ G HZV§TV§w J  
1 k 
 G 5 IH§:5J GÃIH§Ãv§Ã I J G HZV§.0/IH§ 
#J 1#" IH 5 0 
 G 5 IH§: J GÃIH§Ãv§Ã I J G HZV§TV§ 
#J 1#" I0 I5 
 I   K G 5 IH§Ãk "J GÃIH§Ãv§Ã I J GÃV¤V§Zk J 1#" f0 afT 
 I 
K G 5 IH§ÃVf?J GÃIH§Ãv§Ã I J GÃV¤V§.I/0J 1#" fk af¤ 
 I N K G 5 IH§ÃVf?J GÃ Iv§ afT§ 
#J GÃV¤V§.I5J  0ff #"0 
 I  NK G 5 IH§ÃVf?J GÃ Iv§ I/IH§ 
#J G HZV§ZH§ _J .05 0f  5  G 5 IH§ÃVf?J GÃ Iv§ fV§ J G HZV§TV§ J Zk 0"0 05H %I_ K G 5 IH§ÃVf?J GÃ Iv§ "v§ J G HZV§.0/0H§ J .I#" 0"5 0v1 %I5NK G 5 IH§ÃVf?J GÃ Iv§ /0H§ J G HZV§Zkv§ J  "I 0"af 0v: 5 G 5 IH§ÃVf?J G 5 Iv§bZ5V§5_J G HZV§¤V§5_J kk 
H 0A " 5 G 5 IH§Ã5J G 5 Iv§bZ0H§5_J G HZV§Z5V§5_J kI 
0 0/0af 5 G 5 IH§Ã#"J G 5 Iv§bZH§5_J G HZV§H§5_J V " 
5 0/I 5 G 5 IH§Ã#"J G 5 Iv§b5 "H§5_J G HZV§ZH§5_J  0I 
Z0 0A 5 G 5 IH§Ã 0nf?J G 5 Iv§b5 "H§5_J G HZV§H§5_J  0I 
Zaf 0/Ik 5 G 5 IH§Ã 0nf?J G 5 Iv§b¤/fT§5_J G HZV§ZH§5_J  
Z 0nf0 
 G 5 IH§Ã 0nf?J G 5 Iv§b?0IH§ 
J GÃV¤V§1v§ 
%I NK#J /fk 
5 0 "5 
 G 5 IH§Ã 0nf?J G 5 Iv§b1AV§ 
J G HZH§ AV§ 
J 1 
5f 0 H  G 5 IH§ÃaIJ G 5 Iv§b1AV§ 
J G HZV§1v§ 
J 1 
5: A   G 5 IH§ÃaIJ G 5 Iv§b¤v§   J G HZH§ AV§  J 0#" 
¤ 0 A  G 5 IH§Ãf?J  G 5 Iv§b?I5V§   J GÃVZH§ "AV§Ãkk¬³k J 05 
¤ _ " 	 G 5 IH§Ãf?J  G 5 Iv§bfT§ 	J GÃVZH§ f IH§Ã¬³k J 0kA 
¤/f T/f p
 G 5 IH§Ãf?J  G 5 Iv§b "H§p
#J GÃVZH§ InfT§Ãk J 0I 
fT a0I p
 G 5 IH§Ã5J  G 5 Iv§b "H§p
#J GÃVZH§ fv§Ãk J 0I5 
fk 5A pN G 5 IH§Ã5J  G 5 Iv§bH§p
#J GÃVZH§ IAV§.I J 0#" 
fk 5A pN G 5 IH§Ã5J  G 5 Iv§bH§p
#J GÃVZH§ IAV§.I J 0#" 
 "0 T " G 5 IH§Ã5J  GÃIH§:v§ " J GÃVZH§ IH§J 0#" 
 "af aI0 " G 5 IH§Ã5J  GÃIH§Ãk#"v§ " J GÃVZH§ fT§ZJ v.I 
H fk " G 5 IH§Ã5J  GÃIH§ÃVfV§ " J GÃV¤V§ 0#"H§ "J /0k 
H:  "H " G 5 IH§Ã5J  GÃIH§Ã Iv§ " J GÃV¤V§Ã1H§ "J A 
5 0  "k " G 5 IH§Ã5J  GÃIH§Ã1v§ " J GÃV¤V§Ã IH§ "J A " I
0  0 I G 5 IH§Ã5J  GÃIH§Ã 0#"v§ I J GÃV¤V§fT§ IJ nfI I













\/JLy^5{vyJ1{AWYgztWYJZw^5{ WYFHJ]yzFvtkgztyWYJgiahg1tWiab^5{ ^k?WiFHJLy^VwVJZU@E tk{_wRm §v^5{WYFHJ1abgqt`b5J\HgztkadyOuHgi^u/JgYWYaJ1U"tk{_w ^{WYFHJ1abgq`ba{:9VU
"abWYF ^kWiFHJg[tk«*{HJ¬»ab{Ttkgiadtk{AWy^VwVJ1U1¥
   -
"s "]
EFHJ[teVWYFv^g;adU?JgiSgztWiJ­eH`TWi^f;tUiytk`J[mrFvtkgiuHa{L­^5g;evUXJ­eH`vwVadUiyevUiUXa^{_U§JZUXu/J1yat`b`SLy^5{vyJ1gY{vab{HOWiFHJgYJZUXeH`bWiU?a{ KTJ1yWYa^{0v§Htk{vw­^g"FHJ1g[ytgYJ­eH`tk{vwuvtWiabJ1{AW[gYJZtwVa{H^k±WiFHJxI*tk{TevUiygiabuVWZ¥hKTFHJtk`dUY^LWiFvtk{:9VU¡Qq{H{HJLm!tk{AWYJZtkeVW­^5g!uvgY^5gztkI-I-ab{H
FHJ1`bu±§_JZUXu/J1yat`b`S ­^5gqtk``b^"a{H-WiFHJevUYJ^k;FHJ1g[I-ab{vabI]eHI¬B!JaFAWqUYJ1tkgzyzFHa{H-uHgi^gztkI §Ht5U[!J``±tUWiFHJ  N¨K Np¯o





GÃJxM]¥/¡!JgiJg"t{vwM]¥v¡!J  JgiS§HEFvJE±"adUlWiJ1wKVcAevtgYa{Hmr^{vUXWYgievyWYa^{®§HEgYJ1`b`adUqmr^I-uH`J Va©WlStk{vwUSOJ{vJgztk`ag1J1w  J1ab5F5WzU
^k;¡[m!£ tk{vwOs mr^TwHJ1U1§\3³phphp Egit{vU¥n3³{V­^5gYI ¥vEFvJ^giS§^5`9¥VTV§V{H^_¥:IH§Huvu®¥ "vfD "A/fT§ 	 ^D¥: Iv¥
G 0J  ¥5¡!^AUXI*tOtk{vw-_¥5m!tk{H{H^5{®§"+<{#	.	6	 % - _`5u "!_[e	: [±KVyzFH^T^5`V^kN¢tWiFHJI*tWiay1U;tk{vw-KAWztWYadUXWYadyU1§ [{vab5JgzUXabWlS^khKTSVwV{HJ1S§_KVSTwH{HJS5§:AV¥
G  J*Q¥hm!tk{AWiJ1tkeHW]tk{vw¦!¥;mrFvtk\vtevw§Q 	 JQ[`^5gYabWYFHI ­^g¦ab{vwHab{HNab{vabI]eHI¬  JaFAW  ^gzwHUa{ tDj±ab{HJZtkgmr^VwVJ/Q[uvuH`badytkWYa^{3WY^=N¢yp¯`baJ1yJ  UmrgYSTuVWi^5UYSTUXWYJ1I tk{vw°WY^ 	 tgYgi^¬³KVJ{vUYJ¡[m!£mr^TwHJ1U^k
j±J{HWYF;=/=§3³p¯php E±gztk{vU1¥3³{V­^5gYI ¥vEFHJ1^giS§?^5`9¥T5v§V{H^_¥§HuHu±¥0Infn0nf "v§5Atk{®¥#"v¥
GÃJf?¥±mrFvtkgiuHa{®§Dn u/J{¢f¯gY^5\H`bJ1I*U[^{=mrSTy`bady]mr^VwVJZU§
+<{#	.	R	 %W)(	. a`h:#	 } [ L¥ÃKD¥/fh`J1UiU t{vw  ¥Ãm ¥D£[e /I*tk{±§
p¯wHU1¥§vph`dUXJ1TabJ1gqKVyaJ{vyJ§ 	 ^gYWYFV¬³£[^5`b`dtk{vw®§: "H¥
G IJxM]¥AoqJZUYt9Ta9§AEx¥5¦Hekjlabtkgzttk{vw-Ex¥tUitkI-a9§5EFHJ  JaFAW¯oqadUXWYgiab\HeHWYa^{vU¯^kDp; TWYJ{_wVJ1w ¡!a{vtkgiSfhgiaIabWYaJ ¡"m!£ mr^TwHJ1U
^k\j®J1{HkWiFH=> Fv§z3³p¯php E±gztk{_U¥3³{V­^5gYI ¥HEFHJ1^giS§?^5`9¥Ta0H§V{H^_¥Vv§HuHu±¥®.0/IkD.0nfT§5eH`S¢afV¥
GYf?JS¥ oL¥i¦H^gi{HJ1S§DgZ¥b§imr^AUXJWOmr^VwVJ1UX¬Bf;tgXW :r¡!ab{_tkgiSj±tkWXWiayJ1Uqt{vws"J1`tkWYJ1w¨mr^VwVJZU¼§3)|'('4' :|_  )?%	5   :#	 }§
^5`9¥:0v§V{H^_¥vV§Huvu®¥¤D "afT§TKTJuHW1¥®#"#"v¥
G "J¦!¥ _¥TN¢ty  ab``badtkI*Urtk{vw 	 ¥ _¥ QL¥TKV`b^Atk{HJ5§@H:#	}u	 %¡'B|	   )\	 |#![a`T)(	? [\QqI*UlWiJgzwHtkI §5EFvJ 	 JZwVJgi`dtk{vwHU.
	 ^5gXWiFV¬³£[^``dtk{vw§af/fT¥
G JNDQdSxNDQ|rJ1\uvtJ/FAWYWYu ""¥ I*tWiFvU1¥ evUYSVw¥ J1wVe®¥ tke@ "5¤eI*tkI*t
G1 JN¢p¯o~3YmK3XK!J\uvtJ?FAWXWiu ¤""¥ I-J1wVadyadU1¥ u/^`SAWYJ1yzFv{HacAeHJ5¥ ­g
G_J']¥ K¥®fh`J1UiU§  ¥Ím ¥±£qe /I*t{=t{vwªs¥ QL¥±¡!gYe_tk`dwVa9§uQq{o3³{AWigY^VwVevyWYa^{¨WY^RQ[`J1\Hgitay mr^VwVJZU§b+ "/{c	?	H	 %U)(	?n`:#	}§3L¥ÃKD¥Hf¯`bJZUYU1§  ¥Ãm ¥_£[e DI*tk{®§_p¯wHU1§;ph`UYJTaJgZ§: #"H¥
GZJ¦!¥?s"^VwVaJgZ§;n {=WiFHJNa{HaILeHIo aUXWit{vyJ^kWYFHJoqe_tk`dU^k ¬Bphgigi^g]mr^gigiJ1y¼Wiab{vph AWiJ{vwHJ1w ¡[m!£ mr^VwVJZU§3³phphp
Egit{vU¥3³{H­^giI¥HEFvJ^giS§?5^`B¥VAV§V{v^v¥vV§Vuvu®¥®.Inff/.Inf "v§ev`bS: H¥
G.0 JN ¥_KVtk`dtH§ quHu_J1gq¡!^eH{_wHU^{WYFHJo evt`±oqadUXWitk{_yJx^k?¡"m!£<7>/;;§ 6:¼§;o J1UYab5{vU1§_mr^TwHJ1U"tk{_w mrgiSTuVWY^5gztkuHFTS§^5`9¥:05H§
uHu®¥±Z1/?I#"H§Vk50v¥
GJN ¥?KVt`t¨tk{vwlQL¥EtkI-u/^{HaB§(Q j±ab{vJ1tkg]fhgi^gztkI-I-a{Hp¯UXWYaI-tkWYJ^k"WiFHJ  JaFAWo adUlWigYa\HeVWiab^5{ ^kq¡[m!£[>;/;§6¼§3³phphp E±gztk{vU1¥n3³{V­^giI ¥vEFHJ1^giS§^`B¥V/Iv§V{H^v¥:Iv§VuHu®¥_5 0AV5 0nfT§5KTJ1uVW1¥Dk5H¥
GZJ  JaFAWqo aUXWYgia\HeVWYa^{ Etk\H`J1U.;FAWXWYu@¤""¥ `b^5adyk¥ yU1¥ FHagi^5UYFHabI*tk¬»ye®¥ t5yk¥ jlu¤[w®¥
·¸· É ¹ ~H_
1 )     <c/h	. e
')
]"]
 N	 1 ¹ º k Ç¹	 x
2¹ 1V Ç¹	  	 º %  µ    ]	 V Çµ  x
x  	,% %¯µ  ¹  	 º ¹	  ~ µ D  µ 	  9¹l	 ¹	dm 
  \	#   hº  11 	  µ - 	 º µ    H Ç¹	  

~   ¹	   9¹l	 ax
 -  	¹T¸  µ º  µ 	 1 ax
0¸·
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
